cAMP signalling is both a major pathway as well as a key therapeutic target for inducing immune tolerance and is involved in Treg cell (regulatory T-cell) function. To achieve potent immunoregulation, cAMP can act through several downstream effectors. One proposed mechanism is that cAMP-mediated suppression, including immunosuppression by Treg cells, results from activation of PKA (protein kinase A) leading to the induction of the transcription factor ICER (inducible cAMP early repressor).
In the present study, we examined CD4
+ CD25 − Teff cell (effector T-cell) and CD4
+ CD25 + Treg cell immune responses in Crem (cAMP-response-element modulator) gene-deficient mice which lack ICER (Crem − / − /ICER-deficient mice).
ICER deficiency did not significantly alter the frequency or number of Treg cells and Teff cells. Treg cells or a pharmacological increase in cAMP suppressed Teff cells from Crem
+ / + and Crem − / − /ICERdeficient mice to an equivalent degree, demonstrating that ICER is dispensable in these functions. Additionally, activating the cAMP effector Epac (exchange protein directly activated by cAMP) suppressed Teff cells. Treg cells expressed low levels of all cyclic nucleotide Pde (phosphodiesterase) genes tested, but high levels of Epac. These data identify ICER as a redundant mediator of Treg cells and cAMP action on Teff cells and suggest that Epac may function as an alternative effector to promote cAMP-dependent Teff cell suppression.
INTRODUCTION
Control of Teff cell (effector T-cell) proliferation and function by cAMP signalling is well established [1, 2] . Several mechanisms exist to suppress Teff cells by activation of cAMP signalling, including the action of anti-inflammatory agents through Gprotein-coupled receptors [3] , cell-to-cell interactions [4, 5] and inhibition of cyclic nucleotide PDEs (phosphodiesterases) within cells [6, 7] . The actions of cAMP in T-cells are known to be mediated through PKA (protein kinase A) [2, 8] . Analysis of downstream events identified PKA as a regulator of TCR (Tcell receptor) signalling through the C-terminal Src kinase Csk or through transcriptional regulation [2] . Transcriptional regulation by cAMP is mediated through nuclear substrates of PKA, the CREB (cAMP-response-element-binding protein) subgroup of the ATF (activating transcription factor)/CREB family of DNAbinding proteins [9] . These proteins bind to CREs (cAMPresponse elements) in the promoter of many genes and are encoded by three genes, Creb, Crem (cAMP-response-element modulator) and Atf-1. A large number of CREB, CREM and ATF-1 proteins regulate gene expression by acting as activators or repressors thereby controlling cell functions, including T-cell proliferation and homoeostasis in vivo [10] . Crem encodes multiple isoforms that function as activators or inhibitors of transcription, including the ICER (inducible cAMP early repressor). ICER is involved in autoregulatory feedback loops of transcription that govern the down-regulation of early response genes critical in immune responses [11] .
In T-cells, ICER suppresses production of IL-2 (interleukin-2), TNFα (tumour necrosis factor α) and IFNγ (interferon γ ), proliferation, mixed lymphocyte reaction responses and transcription of chemokines and FasL, and anergy [11] [12] [13] . In previous studies, a link was identified between cAMP and the function of ICER through which Treg cells (regulatory T-cells) inhibit transcription of the Il2 gene in Teff cells in vivo and in vitro [4, 14, 15] . Foxp3 (forkhead box p3)-mediated increased levels of cAMP in Treg cells are mediated through direct Foxp3 repression of the Pde3b gene [16] . In cardiomyocytes ICER has been shown to repress PDE3A and PDE4A10 expression resulting in a positive feedback loop leading to apoptosis [17, 18] . Thus the PKA-CREM/ICER signalling axis is considered to be a central pathway for cAMP-mediated T-cell suppression and Treg cell function.
In contrast, evidence suggests the existence of PKAindependent pathways of cAMP-mediated T-cell suppression [19, 20] . Furthermore, rapid suppression of cytokine transcription in human Teff cells by Treg cells was shown to be independent Abbreviations used: ATF, activating transcription factor; Bnz, benzoyladenosine; CRE, cAMP-response element; CREB, cAMP-response-elementbinding protein; CREM, cAMP-response-element modulator; CTLA-4, cytotoxic T-lymphocyte antigen 4; Epac, exchange protein directly activated by cAMP; Foxp3, forkhead box p3; Fsk, forskolin; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IBMX, isobutylmethylxanthine; ICER, inducible cAMP early repressor; IFNγ, interferon γ; IL-2, interleukin 2; LN, lymph node; mAb, monoclonal antibody; Me, methyladenosine; PCC, pigeon cytochrome c; PDE, phosphodiesterase; PE, phycoerythrin; PKA, protein kinase A; qRT-PCR, quantitative reverse transcription real-time PCR; Rp-cAMPS, Rp isomer of cAMPS (adenosine 3 ,5 -monophosphothioate); SP, spleen; TCR, T-cell receptor; TDS, T-cell-depleted splenocyte; Teff cell, effector T-cell; Tg, transgenic; TGFβ, transforming growth factor β; TNFα, tumour necrosis factor α; Treg cell, regulatory T-cell. 1 Correspondence may be addressed to either of these authors (email epstein@nso1.uchc.edu or sbrocke@uchc.edu).
of CREM/ICER [21] , and we demonstrated that PDE inhibition suppresses T-cell proliferation in the absence of ICER [22] . These findings indicate that control of Teff cell function by cAMP can proceed through PKA-and CREM/ICER-independent events. These puzzling observations led us to examine concepts regarding the mechanism of cAMP action in T-cells. In the present paper, we address whether intact PKA signalling and CREM/ICER function are required for T-cell suppression, and whether other proteins are able to compensate for PKA and lack of CREM/ICER function in Treg cell-and cAMP-mediated Teff cell suppression. We also determined the role of a novel cAMP effector Epac (exchange protein directly activated by cAMP) [23] , an alternative effector of cAMP signalling. Epac is a guanine-nucleotide-exchange factor which is activated when bound by cAMP and in turn activates Rap1 and Rap2, and we tested whether Epac can act as a mediator of the inhibitory cAMP signal in immunoregulation and Teff cell suppression.
MATERIALS AND METHODS

Animals
Six-to 12-week-old female C57BL/6 mice were from Jackson Laboratories. Crem gene-deficient (Crem − / − ) and littermate mice were bred as described previously [24] . Experiments were performed according to approved protocols at UCHC (University of Connecticut Health Center) and the NIH. 5C.C7/RAG-2 − / − /CD45.1 B10.A and CD45.2 B10.A mice were from Taconic Farms [25] .
Cell isolation and activation
CD4
+ CD25 − Teff cells and CD4 + CD25 + Treg cells were isolated using a Regulatory T-Cell Isolation Kit (Miltenyi Biotec) as described previously [26] . Cells were immediately frozen, used in proliferation assays or activated for 18 h on plate-bound anti-CD3 mAb (monoclonal antibody) (5 μg/well; BioLegend) for subsequent Pde gene, cytokine and intracellular cAMP analysis.
Generation and isolation of activated CD4
+ T-cells in vivo Naive T-cells (2×10 6 ) from LNs (lymph nodes) and SPs (spleens) of TCR Tg (transgenic) donor mice (5C.C7/RAG-2 − / − /CD45.1 B10.A) were injected intraperitoneally into normal syngeneic CD45.2 B10.A recipients. The mice were immunized 7-10 days later by implantation of 3-day miniosmotic pumps (Durect) containing 400 μg of antigen [PCC (pigeon cytochrome c); Sigma-Aldrich] in HBSS (Hanks balanced salt solution). The LN and SP were removed and the single cell suspensions were stained with FITC-conjugated anti-CD45.1, PE (phycoerythrin)-conjugated anti-Vβ3, APC-conjugated (allophycocyanin) anti-CD45.2 and PE-conjugated Cy7 (indotricarbocyanine) anti-CD4 antibodies (BD Biosciences). The Tg cells were purified by FACS sorting of the CD4 + /Vβ3 + /CD45.1 + /CD45.2 − population and the purity of the viable sorted Tg T-cells was >90 %.
RNA isolation and cDNA synthesis
Sorted Tg T-cells from PCC-stimulated mice were lysed in TRIzol ® (Invitrogen), RNA was extracted with the RNeasy kit and genomic DNA removed using the RNase-Free DNase kit (Qiagen). RNA quality was evaluated by the Agilent 2100 Bioanalyzer. RNA from Teff cells and Treg cells was isolated using the RNeasy mini kit and treated with Turbo DNA-free DNase (Ambion). cDNA was synthesized using Superscript III reverse transcriptase (Invitrogen).
qRT-PCR (quantitative reverse transcription real-time PCR) analysis
cDNA (10 ng) was amplified by qRT-PCR in a 25 μl reaction using SYBR Green PCR Master Mix (Applied Biosystems). Primers were designed using Primer Express ® Software v3.0 except for Pde3a (PrimerBank ID: 9055303b3), Prkar1a (PrimerBank ID: 30794476a1) and Epac1 (PrimerBank ID: 21450061a1) which were chosen from the public resource PrimerBank [27] . Primers were chosen from gene regions common to all known splice variants of a specific gene product. Primer efficiency was verified by slope analysis to be 100 + − 2.5 %. qRT-PCR was performed using an ABI 7500 fast system and data analysed using the C T method (SDS software v3.0). Primer sequences (Invitrogen and IDT) are listed in Supplementary 
Western immunoblot analysis
Mouse T-cells were centrifuged at 300 g for 5 min, washed twice with ice-cold PBS and lysed in RIPA buffer with protease inhibitor cocktail (1:100 dilution; Sigma) [28] . Protein concentration was determined using a BCA Protein Assay Kit (Pierce). Equal amounts of protein were loaded and run on SDS/PAGE (10 % gels). Proteins were then transferred on to Immobilon-P transfer membrane (Millipore). Membranes were blocked with 5 % BSA in TBS for 1 h at room temperature (21
• C) and probed with primary antibodies overnight at 4
• C. Specificity and source of antibodies directed against PDE gene families and isoforms are listed in Supplementary 3 H]Thymidine incorporation was determined by scintillation counting. Cell viability in suppression assays was determined using Trypan Blue (2.5 %) at 64 h of incubation.
Intracellular cAMP ELISA
Cells were treated as described above for 45 min. cAMP activity was determined using the Correlate EIA Direct cAMP ELISA kit (Assay Designs) using an ELISA reader (Bio-Rad Laboratories) at 405 nm.
Statistics
Experimental groups were compared by analysing data with the unpaired Student's t test or one-way ANOVA followed by Bonferroni t test using Sigmastat and GraphPad software. Probability levels for statistically significant differences are indicated by the P value in the Figure legends and by corresponding asterisks in the Figures.
RESULTS
Deletion of the Crem gene does not alter T-cell subsets in vivo
Although Crem − / − /ICER-deficient mice have been characterized previously [10, 24, 29] , the specific impact of ICER deletion on Teff cell functions remains largely undefined [22] . We determined the total number of splenocytes (1.2×10 8 Figure 1 ). We find these cell numbers are equivalent to those from wild-type C57BL/6 mice [26] . Our data suggest that ICER is a redundant factor for CD4 + T-cell homoeostasis as there is no significant change in cell number or frequency in Crem − / − /ICER-deficient mice compared with Crem + / + mice.
Pde gene expression is reduced in CD4
+ CD25 + Treg cells independently of Crem PDE-catalysed cyclic nucleotide degradation within the cell provides a critical mechanism for regulating cAMP signalling [6, 7] . PDEs are encoded by 21 different genes, grouped into 11 different gene families. As a result of different transcriptional promoter regions and alternative splicing, more than 100 different isoforms of PDE have been identified [7] . Since individual PDE isoforms can exert specific functions through their recruitment to distinct signalling complexes [8, [30] [31] [32] , we determined expression of multiple PDE gene families, followed by analysis of individual isoforms. We first analysed Pde3 and Pde4 genes and found that Teff cells and Treg cells from Crem − / − /ICERdeficient mice show levels of Pde3b and Pde4b gene expression that in some cases are significantly different compared with those in Crem + / + mice (Figures 2A and 2B ). PDE3A mRNA and protein expression was below the limit of detection in these cells (results not shown). Differences were also seen in other PDEs are dynamic regulators and respond rapidly to increases in cAMP levels. We found an over 3-fold increase in Pde4b gene expression in both Crem + / + and Crem − / − /ICER-deficient mice after 90 min of cell treatment with Fsk (25 μM), a potent activator of adenylyl cyclase ( Figures 2E and 2F ). This kinetic is consistent with a compensatory up-regulation of the Pde4b gene due to a cAMP increase, as previously reported [22, 33] . Functional consequences of up-regulating PDE4B or PDE4D in vivo could be exacerbation of inflammatory processes due to a possible decrease in activity of endogenous anti-inflammatory agents such . Data are means + S.E.M. for triplicate determinations (A-H) and double determinations (I) for two to three independent experiments (*P < 0.05, **P < 0.001; unpaired Student's t test).
as PGE 2 and suboptimal responses to therapy with β-agonists [34] . The intact feedback loop in Crem − / − /ICER-deficient mice also demonstrates that ICER is redundant for the transient changes in Pde gene expression that regulate intracellular cAMP levels.
cAMP-mediated inhibition of Teff cell function is largely attributed to a decrease in Ifng, Tnfa and Il2 transcription [2, 35] . Transcription of the Il2 gene and access to external IL-2 determine the ability of Teff cells to survive and proliferate [36] . Since competition between CREB and ICER for the CRE sites on the signalling pathway has been shown to actively suppress cytokine production in Crem + / + T-cells [11] , we conclude that it is not the sole regulator of cAMP-mediated transcriptional repression of Tcell effector functions. To directly confirm that Fsk still elevates cAMP levels in Crem − / − /ICER-deficient mice, we measured the increase in cAMP by ELISA following a 45-min stimulation with Fsk. Activated Crem − / − /ICER-deficient Teff cells responded to Fsk with a 60-fold increase in cAMP levels ( Figure 2I ), which is even higher than the increase seen in Crem + / + Teff cells. Taken together, these results demonstrate that overall regulation of cAMP signalling and its suppressive action on proliferation and cytokine production in Teff cells are not exclusively dependent on ICER.
PDE3B, PDE4B and PDE8A protein expression are reduced in Treg cells
We and others reported differences between changes in PDE gene expression and protein abundance when cells are challenged by β-agonists [37] or their PDEs are targeted by selective inhibitors [28] . Therefore, in addition to changes in PDE gene expression (Figure 2 and assessed whether they are differentially regulated following stimulation of the cAMP signalling pathway. We focused on PDE4 since its roles in inflammation [38] and T-cell function [31, 32, 39] Table S1 ). Fsk increased the mRNA expression of Pde4b, Pde4d and of all the Pde4b splice variants that were expressed at this level ( Figures 4A and 4B ), but these differences were not significant (Supplementary Table  S4 Table S4 and Figure 4) , we did not detect protein expression of this PDE by Western blotting (results not shown). Our data demonstrate that PDE4B is induced at both the gene and protein levels after treatment of Teff cells with agonists that increase cAMP, and the increased PDE4B expression at the protein level can be accounted for by increases in PDE4B2, PDE4B3, PDE4B4 and PDE4B5 expression. Of note, PDE4B1 expression was not observed in these cells at the RNA or protein level (Supplementary Table S4 and Figure 4 , and results not shown).
CREM/ICER signalling is a redundant pathway for suppression of activated Teff cells by Treg cells
We directly examined whether ICER is essential for Tregmediated Teff cell suppression using Crem 
PKA-CREM/ICER signalling is not essential for Treg-and cAMP-mediated suppression
To determine whether cAMP-mediated Teff cell suppression may selectively act through the cAMP-PKA pathway, we tested the PKA-selective inhibitor Rp-cAMPS combined with a genetic approach on cAMP-mediated suppression in Crem Figure 6C ). Taken together, these data show that ICER is not a required transcriptional regulator of cAMP-mediated suppression of Teff cell proliferation and that PKA-independent cAMP-mediated pathways are likely to be contributing to this suppression. Thus, although transcriptional regulation through ICER and PKA signalling participate in cAMP-mediated suppression, they are not essential in this process. To determine whether cAMP-mediated Teff cell suppression may act through the cAMP-Epac pathway, we used selective cAMP analogues. The cAMP analogues N 6 -Bnz-cAMP and 8-pCPT-2 -O-Me-cAMP discriminate between the PKA and Epac signalling pathways. 8-pCPT-2 -O-Me-cAMP is a highly potent and selective activator of Epac and is over 10-fold more efficient as an allosteric regulator of Epac1 and Epac2 than cAMP (K d is 2.9 μM compared with 45 μM for cAMP) [23, 40] . Importantly, 8-pCPT-2 -O-Me-cAMP binds to Epac with a 107-fold greater selectivity than to the PKA regulatory subunit RIα and fails to activate CREB, whereas it produces maximal activation of Rap1 at concentrations of up to 500 μM, depending on the cell types examined [41] . In contrast, N 6 -Bnz-cAMP somewhat selectively activates PKA on the basis of its 3-fold greater affinity for PKA than Epac [41] . Our results show that 8-pCPT-2 -O-Me-cAMP significantly reduced Teff cell proliferation at concentrations as low as 250 μM by 48% ( Figure 7C ). These results identify Epac as an alternative mediator of cAMP-induced Teff cell suppression. N 6 -Bnz-cAMP also reduced proliferation, and more profoundly than 8-pCPT-2 -O-Me-cAMP, at the same concentrations. The lower selectivity of N 6 -Bnz-cAMP for the known cAMP effectors may be responsible for its 2-fold stronger suppression when compared with the Epac-selective analogue 8-pCPT-2 -O-Me-cAMP ( Figure 7C) . Notably, suppression through N 6 -Bnz-cAMP and the PKA pathway was equivalent in Crem The results are representative of two independent experiments (*P < 0.05, **P < 0.001; one-way ANOVA followed by Bonferroni t test).
and Crem − / − /ICER-deficient Teff cells ( Figure 7C ), supporting our previous conclusion of efficient PKA-mediated suppression independently of ICER. Taken together, our results suggest that in this system cAMP exerts its suppressive effects on Teff cells in parallel through both PKA and Epac-dependent pathways, as has been seen in some other cell types [41, 42] . In conclusion, we were able demonstrate the involvement of Epac in Teff cell suppression by the ability to mimic the cAMP response with the Epac-selective cAMP analogue 8-pCPT-2 -O-Me-cAMP (Figure 7) , combined with the insensitivity of the cAMP response to inhibitors of PKA ( Figure 6 ).
Of note, all pharmacologic suppression results were comparable whether T-cells were cultured directly on plate-bound anti-CD3 mAbs (Figures 6 and 7 [4, 5] .
cAMP has been further implicated in suppression since Treg cells that lost their suppressive capacity as a result of nonfunctional Foxp3 expression have reduced intracellular cAMP levels, whereas all other Treg cell markers are unchanged [43] . Subsequently, several mechanisms were identified, including cellto-cell transfer of cAMP through gap junctions formed between Treg and Teff cells [4] , the generation of adenosine by Treg cells [5] or induction of ICER through high-affinity CTLA-4 (cytotoxic T-lymphocyte antigen 4) interaction with B7 expressed on Foxp3 − responder Teff cells by 'reverse signalling' [14, 15] . Thus, although Treg cells may use multiple processes to control immune responses, cAMP signalling appears to play a significant role.
In the present study, we studied the cAMP-PKA-CREM/ICER pathway using pharmacological inhibitors in Crem + / + and Crem − / − mice. We found that the selective PKA antagonist Rp-cAMPS failed to reverse inhibition of Teff cell proliferation induced by Fsk or Treg cells. These results were unexpected since it is generally considered that the actions of cAMP in T-cells are mediated by PKA [2, 31, 32, 44] . cAMP-PKA signalling in Tcells presumably acts through inhibition of IL-2 production [45] . Previous studies identified PKA as a regulator of TCR signalling through the C-terminal Src kinase Csk [2] , induction of cell cycle inhibitor proteins like p27
Kip1 that cause a block of the G 1 -phase in T-cells [44] , or direct transcriptional regulation [11, 14, 15, 45] .
Since PKA was shown to inhibit T-cell function at the transcriptional level, we investigated the cAMP signalling pathway downstream of PKA by analysing the role of the CRE-binding transcription factor CREM in T-cell suppression. We chose Crem − / − /ICER-deficient mice as a model system to probe the role of PKA-dependent transcriptional repression in our assays since, in T-cells, ICER is the predominant isoform of CREM and the only inducible repressor of its class [11] . ICER binds to promoter regions containing CRE sites and thus modulates the activity of ATF/CREB factors by repressing cAMP-inducible genes. In T-cells, CRE-like motifs functioning as ICER-interaction sites have been identified in many cytokinegene promoters, including the Il2, Ifng and Mip1b promoter regions [11, [13] [14] [15] . ICER was shown to bind to CRE and AP-1 (activator protein-1) regions adjacent to NFAT (nuclear factor of activated T-cells) and NF-κB (nuclear factor κB)-binding sites in these cytokine and chemokine promoters [11, 14] . The established role of ICER in mediating transcriptional attenuation of IL-2 and other T-cell cytokines has led to studies of its involvement in Treg cell function [11, 14, 15] − / − /ICER-deficient mice are susceptible to cAMP-mediated suppression at levels equivalent to T-cells from Crem + / + mice. These observations are in line with a previous study on human Teff cells which is consistent with our findings [21] .
Several reports provide evidence for PKA-independent mechanisms for immunosuppressive effects of cAMP in T-cells [19, 20] . We therefore focused on cAMP functions reported to be independent of PKA, such as activation of the small GTPase Rap1 [46] . cAMP analogues activate Rap 1 in leukaemic cells and PKA inhibitors have no known effect on cAMP-induced Rap 1 activation [47] . Importantly, active GTP-bound Rap1 is found in anergic T-cells and overexpression of Rap1-GTP in leukaemic T-cells blocks Il2 gene transcription [48] . Thus realization that distinct signalling actions of cAMP are independent of PKA, coupled with the finding that cAMP activates the Ras GTPase homologues Rap1 and Rap2, led us to investigate the family of cAMP-activated guanine-nucleotide-exchange factors Epac, which mediate cAMP activation of Rap.
Epac represents an alternative effector governing signalling specificity in response to cAMP independently of PKA, but its role in the regulation of T-cell proliferation is controversial. Fuld et al. [44] examined whether the cAMP-Epac-Rap1 pathway mediates growth inhibitory signals and the up-regulation of antiproliferative proteins such as p27 Kip1 . In contrast with earlier reports that indicated an inhibitory effect of Epac and Rap1 on Il2 transcription and T-cell proliferation [48] , the Epac-selective agonist 8-pCPT-2 -O-Me-cAMP failed to induce growth arrest in Jurkat T-cells [44] . Similarly, the expression of active Rap1 in Tg T-cells provoked activation of integrins and cell adhesion, but did not induce growth arrest [49] . However, some of these studies were performed with leukaemic T-cell lines and not in primary T-cell subsets which significantly differ in growth regulation by cAMP [28] . Indeed, we found that selectively activating Epac through 8-pCPT-2 -O-Me-cAMP in both Crem + / + and Crem − / − /ICERdeficient mice causes suppression of CD4 + CD25 − Teff cell proliferation. The alternative function of Epac is highlighted by our finding that a PKA-selective antagonist failed to reverse Treg cell or cAMP-induced suppression. Of note, an Epac-selective antagonist has not been reported. Nevertheless, our data suggest that Epac acts as an alternative effector of cAMP-induced Teff cell suppression. In line with this view, Rap1 was shown to be activated by CTLA-4 engagement on T-cells and to critically mediate the subsequent inhibitory signal on IL-2 production [50] . Whether as reported in other systems, PKA and Epac act in synergy, in parallel, or even in opposition remains to be elucidated in future studies [41, 42] . Our data suggest that both pathways can act independently from one another during suppression of Teff cell functions.
Of note, Treg cells expressed low levels of all Pde genes tested, whereas Teff cells displayed higher Pde gene expressions. Conversely, we detected increased gene expression of Epac1 in both naive and activated Treg cells in comparison with Teff cells. Thus Epac may be a novel marker for the Treg cell population. Importantly, we also show that activation of PKA through N 6 -Bnz-cAMP suppresses T-cell function independently of CREM/ICER. These data suggest that PKA may suppress Teff cell function by any of the established ICER-independent mechanisms [44] . Despite suppression through N 6 -Bnz-cAMP and PKA, our observations identify a redundant role of PKA and CREM/ICER signalling in cAMP-mediated control of Teff cell functions and indicate that an alternative effector such as Epac can mediate suppression.
AUTHOR CONTRIBUTION
Amanda Vang researched data, contributed to the research design and discussion and wrote the paper. William Housley, Hongli Dong and Chaitali Basole researched data and contributed to the discussion. Shlomo Ben-Sasson researched data and reviewed/ edited the paper before submission. Barbara Kream provided materials and reviewed/edited the paper before submission. Paul Epstein contributed to the research design and discussion and wrote the paper. Robert Clark contributed to the research design and discussion and reviewed/edited the paper before submission. Stefan Brocke led the research design and discussion, and wrote the paper. 
